Transmitted Malaria disease-free equilibrium and endemic equilibriums points were determined.
Introduction

25
Transfusion-transmitted malaria (TTM) was first documented in 1911 [5] . The global incidence 26 and occurrence of TTM based on available data indicates that over hundred cases are reported 27 annually, mostly restricted to endemic countries [2] . The chances of TTM due to donor blood in Sub
28
Saharan African countries is increased due to malaria prevalence in donor blood sample [8] . In under-reported. Acquisition of malaria parasite due to donor exposure is an increasing problem as a 34 result in global travelling and immigration. Thus, it is more challenging to develop an optimal
Model Formation
45
We formulate the mathematical model for the Transfusion-Transmitted Malaria by considering 46 the dynamical system of equation with optimal control analysis for human population only. The 47 human population is divided into three sub-groups: Susceptible S(t)-Infected (I(t)) -Removal (R(t)).
48
Thus, we assume that the total populations of humans is N(t) = S(t)+I(t)=R(t). Individual are recruited
49
into the population at rate b and die naturally at rate  . Recovered humans become susceptible 50 again due to loss of immunity at rate . Our model also includes the rate of transfusion of infected 51 blood and transmitted rate of the disease with malaria induced death rate.
52
For our dynamical equations, we define the following variables and parameters as follows: The dynamical equations for the transfusion-transmitted malaria model are given as follows:
53
55
(1)
With the following assumptions:
56
(1) Both recruitment rate (b) and natural death rate for humans (  ) is assumed to be equal 57
(2) Transmission of the plasmodium is via transfusion of blood to blood contact of infected blood 58 with plasmodium to a susceptible individual 
62
The flow diagram for the model is given in Figure 1 : 
75
System (1) is resolved by non-dimensionalizing the variables as follow by setting:
Substituting Equations (2) and (3) 
Differentiating (5) with respect to t give 
Similar reasoning can be used for other differential equations of Equation (4) 
The Jacobian Matrix of Equation (4) about (8) is
So that the eigenvalues  are real and given by
101
Introducing now the basic reproduction number 0
The expression in (9) can be obtained using the next generation matrix approach by finding the 103 dominant eigenvalues of the matrix The above result is summarized in the following theorem.
108
Theorem 3.2: The disease-free equilibrium (DFE) 0 P of Equation (4) 
Global Stability of Disease-Free Equilibrium (DFE)
111
There are conditions for global asymptotic stability (GAS) of the disease -free equilibrium to be The global stability could be proved by several methods. The Lyapunov method has been used 115 by several researchers, but here, the comparison approach as described in Lashmkantham et al. [6] 116 will be used. The following theorem proves the global stability of the (DFE).
117
Theorem 3.3: Assuming that the system of Equation (4) describes a human population at 118 equilibrium, then the (DFE) 0 P of (2) 
121
Using the comparison approach, the rate of change of the infected and recovered compartments of 122 Equation (4) can be written as 
130
Observe that Equation (4) have the endemic equilibrium point
The Jacobian matrix of Equation (4) at
It follows from Routh-Hurwitz condition that: 
If Equation (13) into the model (4) to determine the optimal strategy for controlling the disease. Thus, we have
Our aim is to minimize the number of infected humans to malaria due to TT, and the cost of We then seek to find an optimal control,
is the control set.
165
Considering the conditions that an optimal solution must satisfy as it was given by Pontryagin
166
Maximum Principle [9] , this principle helps to convert (14) and (15) 
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170
corresponding state system (14) and (15) 
Numerical Simulations and Discussion of Results
186
The numerical solutions are illustrated using MAPLE 18 program with computation times of 187 3.52 s on a windows 7 operating system. The optimality system, consist of the state system, adjoint 188 system, initial conditions for the state system and the transversality conditions for the adjoint 189 system. The state system is solved by the forward finite difference scheme using the current Table 2 .
196
One of the ways of controlling the spread of malaria disease is through blood screening of 
199
The behaviour of the total human populations is investigated over time in Figure 2 
243
of the analysis revealed that the combination of using both controls yielded the best result.
244
Conclusively, lack of screening donor's blood may have an adverse effect in the control of 245 malaria transmission especially in malaria endemic regions. It is also clear from our optimal control 246 analysis that screening of donors blood and treatment of infected individual will help to reduce the 247 number of malaria cases, however, we submit that more robust models must be developed to 248 include the dynamics of vector populations, information on human nature and behavior towards 249 blood screening and other interventions in order to give realistic estimates on malaria dynamics.
250
This shall form the basis for a separate research.
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